Small-molecule reductants inhibit multicatalytic activity of AA-NADase from Agkistrodon acutus venom by reducing the disulfide-bonds and Cu(II) of enzyme.
AA-NADase from Agkistrodon acutus venom is a unique multicatalytic enzyme with both NADase and AT(D)Pase activities. Among all identified NADases, only AA-NADase contains Cu(II) and has disulfide-bond linkages between two peptide chains. The effects of the reduction of the disulfide-bonds and Cu(II) in AA-NADase by small-molecule reductants on its NADase and ADPase activities have been investigated by polyacrylamide gel electrophoresis, high performance liquid chromatography, electron paramagnetic resonance spectroscopy and isothermal titration calorimetry. The results show that AA-NADase has six disulfide-bonds and fifteen free cysteine residues. L-ascorbate inhibits AA-NADase on both NADase and ADPase activities through the reduction of Cu(II) in AA-NADase to Cu(I), while other reductants, dithiothreitol, glutathione and tris(2-carboxyethyl)phosphine inhibit both NADase and ADPase activities through the reduction of Cu(II) to Cu(I) and the cleavage of disulfide-bonds in AA-NADase. Apo-AA-NADase can recover its NADase and ADPase activities in the presence of 1 mM Zn(II). However, apo-AA-NADase does not recover any NADase or ADPase activity in the presence of 1 mM Zn(II) and 2 mM TCEP. The multicatalytic activity relies on both disulfide-bonds and Cu(II), while Cu(I) can not activate the enzyme activities. AA-NADase is probably only active as a dimer. The inhibition curves for both ADPase and NADase activities by each reductant share a similar trend, suggesting both ADPase and NADase activities probably occur at the same site. In addition, we also find that glutathione and L-ascorbate are endogenous inhibitors to the multicatalytic activity of AA-NADase.